Plant Pathology Bulletin 18: 185-200, 2009

BEARGERLERFREEDZ

RBRAUEREE

WHE Ry e EEEY

“E AT E N AR B R R

e AN RO

P T BT BB B

“IEEVES - SEFELE - fjjan@nchu.edu.tw 5 {#HIE : +886-4-2285-4145 » hmku@nchu.edu.tw ;
{HI5 : +886-4-2287-7054

P2 HER - ThEERE 98 411 H20 H

fim =

FREFEL ~ £53085 ~ T Wil ~ f3E . 2009, SHECIK] SR S8 R A S AU V) L BDU R R 2. il

e 18: 185-200.

EE/L 97 (geminivirus) F3% BRVERY B EAEYINERG SRR - W] e 3 2% M ST MR R i
Yy o i RE ARG R - B B A B R R L o K] I8 R A 85 IR LR A AU ER
Wit L 25 SR S FEF (0 = S L 2 B SR F B DNA (ssDNA) #HRK - L7 #8E0W
A LR B ERAH T E 5 BEAR TN » (K] L — AR (s A o (R RRI5T6 775 S R A SR EAE AN 5 45 5 A
PEZHEY) o IRIMLAI A 38 TREE P Bam e - SR Ay SR U » et 75 —H
TREERT (A o AT H AR FH SRS R Seie; 8 e S AR AU PR RO AHBRT 72 (E o 2 3k -
fEFEM REUREEN ~ IHRNEE - RS DNA IS SRS A b 5L AP 22 BRPTIE
5 DUIRE T AR LR BRI - (B sr A BRBZ PR MR AR o -

REERR - SRR ML IR ~ REE

=Y

EE/42J55 77 (geminiviruses) CLANA] a3 AR FEF2 &
B EE R EEY - BiEMRL -~ BE - HE - K
T~ FEEL S EHZE S TEE - Fopl BRIV o R E R AR B
B A 5E R R E YR AR o SRR R R b
HAMESK » JUHE BT i B b R B R EE Y o
FEAA s 2 ZE IR B B A B S M o B s 2
FEEME T - BRI B2 R A A S R st BB - 1
ER I IEA B SRR R R PR i e A% ER R W N B
FH > AHSE 0T BT BE A AR R RTREME 5 hn B2 ER
HRAL AR 2 > SRR (S TR0 58 - 2T ~ i B [
SR A AR A O > ) B AR R s R K
AT > IR Rk 2 BRI B8 B B R o

8 A 55 75 2 (I AN SR 2 BRI #H R A=
(gemini) JHERFERT > FEA A EGER AR B IIEK #8 DNA

(circular single-stranded DNA, circular ssDNA) ° HJj7:
SFEHUNTE R EEA IR BRE (Geminiviridae) » {KEEIRIFEEH
B~ ERERE N R F B 2 A E AT o TS

Mastrevirus ~ Curtovirus ~ Topocuvirus Jz Begomovirus
(I&l—) " o Mastrevirus HIEEREGRER RS R R A
WF g —HE (B —) » HEF FRRP AT 55 R ARHE
Yy > WE—{FI94E Tobacco yellow dwarf virus REREGLEET-
TERAY) o Curtovirus ZZF FHEYIE 44 B} 300 GRiEEE T
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DNA (BEELIK## > monopartite) » LIBEM#H (leathopper) %H
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L RHE PR R EL REE - L/ R s A i AH (treehopper)
"o Begomovirus BN < 27+ PREET-HEREY) » FEREE
BB T E (BEELIK ] - bipartite) EKEE i DNA » L)



186 HHYPWEREEE T 18 % W4 M 2009
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DNA-A 2 DNA-B ; {£/V8ui 7 —(EFRIRH k. DNA
FE RS - HASEIIREES 8L DNA-A 0 fH1UL -
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Fig. 1. Genome organization of representative members of the four geminivirus genera. The typical virus of each genus is
as the model. MSV, Maize streak virus; BCTV, Beet curly top virus; TPCTV, Tomato pseudo-curly top virus,; ACMYV,
African cassava mosaic virus; ToLCV, Tomato leaf curl virus. Curved arrows indicate open reading frames (ORFs),
including complementary (C) and virion (V) senses and they diverge from an intergenic region (IR) in curtoviruses and
topocuviruses, along intergenic region (LIR) and short intergenic region (SIR) in mastreviruses, and a common region
(CR) in bipartite begomoviruses. CP, coat protein; MP, movement protein; TrAP, transcription activator protein; REn,
replication enhancer protein; NSP, nuclear shuttle protein; Rep, replication-associated protein.
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Begomovirus & B2 LIE B EGR ¥ 3 (rolling
circle replication) /7 =3 4 MMUAZ-REL T 4O o HilERE
S LR R IE I ssDNA 3 15 ek ALl % T2 il i
(dsDNA) » ;258517 DNA (replicative form; RF) » %
R B FHRA 22 (replication-associated protein;
Rep) * FRAIERE Z IR [EIEATEZ 5 ARAEHE AR E 0L iE
(PREGFFH1 TAATATT | AC HI2E 7 B55 8 {ERZER) 2Rk
MR T4 > 2 58955 2GR AR E B SRl B » S R RIS
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R o A% > B 7 H RERS Hbda (54% > H (B
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B ETE o KA DI SR80 T 158 IR 2 iR s 7
JERGERN TR > — (s HASRIS L FS « (1) PG f—H
FAEE AL A E A R SRR o AR EREE S S ERI PR
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FAi I o 152 & PP A S 2 PUR AL
HEE B ARTEAEANE » dlEs (KR5S - Hofy Kl 5Y
TR BERR (isolate) AN[F] » HYURIZE /A& H B A [E s
iP5 SRl RIS B AR > (B2 e 7 I 1R AITRK 75
TG > B B R SR L R A R Y o
(2) B R R ERBEE Y — 5 50 FLH (mesh) [EIHEFE 1L
Wraa iz A 2 H RO BAERIbE 7735 > (B HAEERK
AKiF o R RA G o #RH FHRR s A2 FkD &
B E o BR T AR o R IR A B ERE AR BUEE
P RAEE " o (3) BERETE (culture
practice) — | FHFIFEEF FAEY)HES T [BIF (intercropping) -~
R B FH ] SRk sohe 2] sV EY 2 3 ~ ROk
PR e ok s R R > SR TR B It A R ] B
ARGV MR SR o PREZCRA A RE™ ™ o (4) R
UM (transgenic resistance) — 3T A2 A A B R T A2 4 fl
2 A > DRI B4 2 mT ) FH 35k DRI B s il iAE )
W2 BAT s IR DA $R B RE U o Horp B vz sl
H) SR £ R A 95 I 875 28§09 T (pathogen-derived
resistance, PDR) FHG ©7 » FEH A AL [RIFEYIHY /5 2K
B ) 95 7= B @ FE APy 8 B (replication) ~ AL
(encapsidation) KFf%#) (movement) ETHNHIT T 3K
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FRNALES/HUE (RNA-mediated resistance) Wi AREH]
S IR A FI B8 52 A AR R T B S T DNA
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H o SR BREUE S (Tobacco mosaic virus, TMV) Z&#
EFPEAFEE AR LR TMV 2R o JRaHFseEH
{EB HUI 28 L IR RE7) 3w 1K S RS (K] 2
& H A BT A AT HE & 12/ HUME DA HURR% B
TREER 7 o

1 oo 7 BRI SRR SRBLAUER 1 Hh - 08 748 B4R BH
HEH (Rep) F5—% DIRERTER F1EHR FEROAE BUEE B3
Pehis 7 SRR b 3o SR I A A Y
gt yra] BE1EF FREYIRY & B (4 retinoblastoma-related
protein, RBR protein) BJi7#: A~ B B 7 165 B R 1
(replication enhancement; REn) & FIAHE S S1ER » 5t
TR {56 FF EREHE PRI AR SR EREE 7 °7 o [RIHL &
A TR o 7 A B AHRR B 1R — (AR AT SR E AR
M Rep Afrafk 8 2 HUVEFHBRIFFE 82 ~ R e HiAth
TRRE R RS () o BIA07E BEEL R ) Hh 2R Bk 25
P97 2 S BAHRBH SR 19 (truncated protein of Rep, T-Rep)
ATERUEAE P78 LR AR HTIE 870524 5 SRTT Rep FTds
Ryt B AW EE M B B PURTEL K [F]
— AU A A o T At B[R] PR A A R e A <
0o AN KL Tomato yellow leaf curl Sardinia virus
(TYLCSV) Rep #& FIHY#E L RFEY7#T TYLCSV Al$fit
Pk » (HEZH Rep NERAHLEL 7 BIEE 93% K 17%
# [ElJ 9% 72 TYLCSV-ES € Tomato leaf curl virus
(ToLCV-Au) fMEERBEHTIME "™ o th flr-#EB ] A
T H O AR S IO IR BOR AW & ™ - a0 KRB
Tomato leaf curl New Delhi virus (TOLCNDV) Rep & H
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Table 1. Transgenic resistance strategies by expression viral protein and non-viral agents

Protein Virus species Transgenic plant References
CpP TYLCV Tomato 59
CP BGMV Beans 6
CP ACMV N. benthamiana 36
Modified CP TMoV N. tabacum 97
T-Rep (1-57 a.a.) ACMV Protoplasts 50
ACMV N. benthamiana 51
T-Rep (1-210 a.a.) TYLCSV N. benthamiana 70, 17
Tomato 18, 66
Rep gene (ACI1) ACMV N. benthamiana 88
N-Rep (1-160 a.a.) TYLCNDV N. benthamiana 19
T-Rep (1-129a.a.) TYLCV-Is [Mild] Tomato 3
Full length and truncated Rep MYMV-Vig N. tabacum 96
Mutant Rep MSV Digitaria sanguinalis 94
T-Rep (1-219 a.a.) mutant MSV Maize 95
AC2 (TrAP) TGMYV or BCTV N. benthamiana 102
AL2 TGMV N. benthamiana 45
C4 ToLCV N. tabacum and tomato 58
AC4 ACMV Arabidopsis 22
MP (BR1 or BL1) TGMV N. benthamiana 115
Mutated version MP TMoV N. tabacum 30
BV1 or BC1 BDMV Tomato 55
Non-viral agent
Dianthin ACMV N. benthamiana 52
AZPs (artificial zinc finger proteins) BSCTV Arabidopsis 93
TYLCV Tomato 103
Whitefly GroEL TYLCV Tomato 2
scFv-ScRep TYLCV N. benthamiana 85

FriE BL K AES) v Bl T African cassava mosaic virus
(ACMV) (Rep Rt AEILLEE 72%) ~ Pepper huasteco
yellow vein virus (PHYVYV; Rep FZEBEEFHLIEE 65%) K¢
Potato yellow mosaic virus (PYMV-TT; Rep il fH{
[ 64%) " o SR ISR IR IR W] GE R EE IR AEd) 4[]
Vs PE o R BT PEAE — B ISR AT 8 o8 75 A F B [RIT R
BRI I RS R B ( ZE BTER v AHET Y - R K]
[R5 P {ERHY) i 7 EU e 3 6 bt g =X T 208400 i
ROZE B - R FididEE (RT3 A (it 2 PR FAE ) -
LAt > Hi2 Rep HH Al ELE - AR iR H A fH AL
H > BOPHEY) N2 RS Rep £5 M IRF n] RE s SRl AL
KINE P20 T8 AR » e RIRE AT FE 288k 2% P 1 58X
Zes TR AR I LAEE R ©

R AT ER R 1 (coat protein; CP) [R T #HAKIH 7
FARLZAY > IVE S FE 22 B2 7 ssDNA 1137 4l
MEAARHEE » n]i% ssDNA EHIiEE s 2R - Fi%
F AR 7 ssDNA  FAHIREL: SIMIIRE ™ - BT
92K Z PR FH B R 1 AR S S P A = 2 L [RT(E
Yy > BlLnEE s B EL RS TYLCV 2B B & a]

FEEMRGER - (H B ER 4 18A AR 2=
WIFELE ) » SR 2% Bl BLIRIHS s 74 R R 1 R 8UR A
§2 00 o [ 1A B EL RIS 25 TR R R 1 I 7 R A ek
PR E S " IR RN SR E O RPEL R
T/ H > XM Al DNA-B g% 2242 S5 (nuclear
shuttle protein, NSP) 5&lfk # R E G ™ o HLALEH
B T HeE 2R B B RS RS AR B T
TR AR AR 2 1 7 AR ROk Rl s B B 1 R Rk 2 ]
AOFH BLAE FH T PR 58 (0% i 1URE /7 » 3Bt —
SE(R B ] AR /D HH R 905 7518 FR AR 20 PR (KPS 72
BErE -

DNA-B &H _{EFdfGENSE : BV1 fIBCI » 737l
FEERZ MR BRI (NSP) K2 E)E H (movement protein,
MP) » Hrt NSP B’k 7 DNA ZEA2 i)l IR 2
THHE Y TMP HIIRE (589575 A A TE MR R 8) (cell-to-
cell movement) ™ o [KIFY #& £ HEE R EAVEE) - $55
TERE P ZEB 5 7 WO RS B iR (1 Al AT 2 1) 2855 3850 42
S0 DB rT R R EZ PER BT o SRTI A
LB [KH#HY) begomoviruses 1 > H NSP 7 B A 2UH



MR TE R T (pathogenicity determinants) FJZIHE » 4538
[ (over-expressed) RITEAE S &S S MY BER » 4l
HYBR AN TE B A AEP) 2 U 2 o 5 {58 FH ISR 2 R 0 A ik
SRR FEi e 77 T 1 T o

Lot > #G C4 (B0 AC4) & b S F7 T AmY) e
TR B - AIAEPIRY 928 BURE & H B RELLI0S 75 e I
% ; MmiESHE Tomato golden mosaic virus (TGMV) Z.
9k 7 BE[K i £ (€3¢ T- 78 A (transcriptional activator
protein; TrAP) F| &+ Y H I » S g hnay £
TR SZPE (susceptibility) ' o 33 AT HE 2 L HARSR
R 1 BR80T 28 B R R AR ™ > HEREL
A B JUBHNHIF gD ¢ R RN
TEH 92 BT B o B M FIF ERgHiE ERH
EF AR VE > HHE CEAFSEE: A il A A B - i
FIIFH EoAth FER B Fiy okl » w18 R AR
PURIEDY) -

2. RNA BArHitk — FEKPUR (gene silencing)

I I ST R B Y 5 — BRI 2 RNA BE 114
Tk » RHE(E RNA Jg@R EEAS I ER » fEmsE R AR
TR TR » XS RNA JUKL (RNA silencing) °
FHIAREY) R RIS 2 fEEE R 2 mRNA - s HE R
H) S R W38 T I 2 B AR AE A #%4% 1V FH O EE R T
BIIH R (post-transcriptional gene silencing, PTGS) » —H.
EZPUPE T E) - QI BLE 2R (R 2 AR A 1R (1
iR LGE BIPURTER - BRIt 2T B B 9 E— 1
(sequence-specific) HCEA FEBIHEKER (RIHI R A /RE A
T B PR RAE R R 2 2 10 7 1 o Rateliff 58 A ®Y o
BT PTGS AL BIEAEYHEH TR A 20— 18 EH 2R B
EITE o K FH PTGS -z B LUK [KIfgsiE /5 =0 A PUm
LMK > CRESE AP IGIR R L BT ©

FE b BRI YUS YL S fE) g — 1 3
Pt IR B B SR B B A bsentl] > H R B VE A RIS &
HIARER BT EE AL HERZ B (dsRNA) SEAMIAEA -t
dsRNA Eeryl—FEZ 5 Dicer #9%H RNaselll #iEAY)
WiEFTHEE > 115 dsSRNA Y)EIHE 3' i B A 2 iz i se
HI /N Fr B RNA 73 > K/DNVKY 3 21-26 %1 &
(nucleotide, nt) B/ T4 RNA (small interfering RNA,
siRNA) © It 7y 8 HAMEE FG S3RIE il —E &1 13
#% RNA-induced silencing complex (RISC) » [fif RISC HI|
FIFH siRNA {ER5 5 » PEasiiEd siRNA HI[EIEF21H)
mRNA [/ mRNA 73 fif » HEL GRS RNA T #
(RNA interference) ° HLIFHIIEAINT RNA G RNA
&g (RNA-dependent RNA polymerase, RARP) ] Eil
A AR RNA FHGS & > SR RNA - [ &

PUEE LR AR 2 IR Sy 189

B¢ RNA JRE 1 Dicer Fiftaskttimuit)E] - TR 21
siRNA 47 F » 11 siRNA FEi RISC #5& » v nfi
(degradation) BHZH) RNA FrE% » R {5 5 K ZER A
HIECDURL o H BT C FIE R 5 1358 BRI DURE AR 18
BRI B = 0 (1) kIR R K TR R
(transcriptional gene silencing, TGS) ~ (2) &k KT
B SR (post-transcriptional gene silencing, PTGS) #lI (3)
Fi microRNA (miRNA) Fraf & 4 2 SLRVTRE R
TGS Fl1 PTGS HiGUE HEM 5 J1 e —HER Sl » T
DR B Rk WERL IR v ERAIR A (9 SR EZ e B AN
K o TGS BIR FIFRT & Bt A% 7 91 FH B (LT s
FERAZEIL s PTGS w7 1 9f SRR 5 A EAfAE
R PR AAEHIE FF2R - T miRNA F 22228
A AL AR R B @ -

HEIREE AL B DNA iRl 78 2 E etz s
T B HEELER PR G dsSRNARYH EEY) -
(B4 w375 S PRIC st I A A 3 il BEIRT YTUR O il
WU H A" o HIRFRAT @ (1) SEA i I TH /5
g% (bi-directional transcription) IF » 3K HWIAHN 77
[ £7k.< mRNA H 3' S (41 AC3 B2 AV2 193" I B
A8 (overlapping) AUBIGR » $2{1E T dsSRNA A2y " ~
(2) JmEEEk ) A4 KR Z mRNA » AIRHEF 2
RARP {EFT &AL dsRNA “ ~ (3) mRNA AGFTEAR
TRRASHERI AT #E Dicer HEENGHEITYIFICY o BLAL » HHR
B RS DNA ELRIRE - B/ A rTRERSH TGS Hyt&
T REA ZHY PR s 75 Bk VE A - s A i e 22
HHIFHAHE geminivirus ZEH)F (promoter) Badigi%L
NI REE > B2Z A A geminivirus BfE7 A HAEZE
PEEL RIE ) » SR IR TR YU IR R - #E— 9
B 2% BLH R 2 i 2 8 1 e 4 & A Ak
(hypermethylation) FJ{F 2 » (/A R RESEAEAE [FI
JREEHRCY o [LAL AR TR SO )52 E AR R
i — B IRE [ 1% i 8T A2 R 5% 70 5% HH B 1308 R ry B
R 2B (recovery) HIEFEAEY) » £ HTI%5E
BAATR wIE I 5 B FH R LR R - GEEEE AL R Y
DNA [k TGS {ERHRTEIE® « &7 bRt » B4R
AJE M IR FE IR OB AR HAR > R LA AT LAF
FH S DRI 3ty Bk 1 2 7R B AR 7 SR > it ELBR
TRIFIH PTGS 24t » thal i€ TGS HUEGERHUR
SR

DR VU R SR M T AR [ 7 R AE B A2 i 7 (3R )
HOBTIRHIT 58 » AR Fofsd PR R IR Fr B e i 2R AR XA []
BRE5 % siRNA AR &K » BUORIVERRZAZER - B0
FERIPURHEHIBARER F2H 2 717 » 28 iF9ERH TGMV
9 AC1 FE[KI A il A% (antisense) A THESE T 57
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FEAESEE FHRAIIETZ Y 5 BER# S TYLCV C1 XA
fHifl 2% (antisense) YRS HLIAE BRI AT B 75 28 AR DL
> BT R anE R 2" o Chellappan %
AFIH 5| ACHHEE R A0 (cassava mosaic disease, CMD)
HJ ACMV 2 AC1 FE[KETTI0E - SEHIFR 7% ACMV
BA BAFHUESE » =] 515 | et ZHR A0 1y HoAth &
A9/ # > B85 East African cassava mosaic virus
(EACMV) B2 Sri Lankan cassava mosaic virus
(SLCMV) @ o FoFASGafsE F% A IE% (virion sense) X,
& H AR IR E 7 IR FR9In EER Sy 5" i C1 LRIy
RS X7 i th BB A RAFHOivE - R EE B2
B o A ToOLCNDV ) AV2 FER B LI A
PUR R > 1 EL DR P17 995 2 Yt s (T B Y o
AT e FE H AR EEREE IRIYURAT £ H S 5z ok
IR RNA Fffiggs > FEES S LI o R » T
ANV FSER B 5E S 17 5 457 471] (inverted repeats) HHES
A A IS IGIR RNA FBRHIE > ISR I3

K~ DIEERYURHE b DNA THRERR BT < BEL IR g

B o FIANFI R AEEN T (promoter) FRoIiE AL < M 5
R YfEE - TS - SEBLRTHREH TGS HUREE
FIFUIRTLR > v 52 ek s 2 il PPk A5 B R R R AE 1P
FORET- 71 o L AC1 B[RRI In) EEE P9 n] 1S
EHRE % (immunity) AIHTPERE ' s TiE R
BRI 1) 28 485 91 BIL T Ras 80R - B fdis 7 7
i > EELR YR R HHER MY o SR E 2SS S
SRFE T o I FH B [RIAE 1) 77 3 38 2 B R e 1
HE R SEAE 2SR BT 2 B REET
FEE & MR B G E 2R Pt o HIKE nThes &
RIYURHE HE A& B Py — P rFe B - & > &
BN EETY DNA B &AM » 2085 s s

PR A RHERE A Y MHEHES TR RIIRIEEE o Kt
i = LR R W D1 BORT R FHES 38 K& siRNA #YFF51|
[ N [] PR S 2 {18 AL IR S T MO8, - BETF T HR it
Y R RRE ~ FE A B BB R HUE © bLot o R E
Fgess R A A T4 A% miRNA (artificial miRNA) AJZE

Table 2. Transgenic resistance strategies by gene silencing and DNA interference

Gene Virus species Transgenic plant References
Sense
ACl1 ACMV Cassava 20
CMV CP and C1 ToLCV N. tabacum and tomato 77
Antisense (as)
as AC1 TGMV N. tabacum 27
as AC1, (AC2, AC3) TGMV N. tabacum 11
5'-end, as Cl1 TYLCV N. benthamiana 12
as AC1, AC2, AC3, MP BGMV Bean 4
Partial IR+5'-end C1 (sense and as) TYLCV Tomato 116
as C1,C2,C3 ACMV Cassava 117
Partial C1 (sense & as) CLCuV N. tabacum 5
as Cl ToLCV Tomato 76
as C1 ToLCV Tomato 78
as AV2 ToLCNDV N. tabacum 69
Hairpin (inverted repeat)
IR inverted repeats MYMV-Vig Blackgram 73
Intron-hairpin V1V2/C1C2/C2C3 TYLCYV complex conserved region  N. benthamiana and tomato 1
Hairpin 3'-end AC1 TYLCV Tomato 37
Hairpin AC1 TGMV Common bean 13
Hairpin AC1/ AC4 ToLCV Tomato 80
Hairpin IR ACMV Cassava 108
CP inverted repeats TYLCV Tomato 118
Hairpin CP or Rep TYLCSV- [Sic] N. benthamiana 39
Hairpin AC1 ACMV Cassava 109
DNA interference
DI DNA (tandem repeat) ACMV 100
(defective interfering DNA) BCTV N. benthamiana 101, 35




A% RNA R 7S A PUERIEEELIRAE Y ™ B2 LR
T DA IRIVU RS R A Bk 2 2B VE A - XTI
BETEMRL SR LR PR E ) -

3. DNA &

PRSI A4S DNA J75 » FLISHIBLERh fr
A TS DNA (defective interfering DNA, DI
DNA) Fir DU 525 75 i1 80 T ik L1 DNA KT8
BB 0 A]YERR ST mE EEE O (R T o Il
g% o e REEWR AR MY FURSCERFIE AR
K/ IVHRBA o

4. RBUBREEN

B 1 AlHE 2 E R Z2a% o 8 TR H A IE R
AR AR A PUE (R—) > B 0% S 0 B
(ribosome-inactive protein, RIP) EHEYIN KR IR E:
A o IR e TG LIS B OSBRI B ER G
(dianthin) ZAEY) S RIE RARREBITECR ™ o B9
A ASESEHEE G (artificial zinc finger protein,
AZP) RJEQ Rep & BT 78 BUEE 5B RIAS & 01
TR S T oo (K 2 TIPS 7 A L O 190 o oy e 1A B
I MR 2E Y GroEL & H 7T #figiiei = Al 274
AT FEEA o (50 T DRIAE P05 B0 B T T RS TR R
T DL BIRAR SR I DL o Bes R EE AP TRS G T PL
4 (recombinant antibody-mediated resistance) HYJSRHE(E
FEA) b 2S00 PTRE BET RSN Fr Bk IE 42 B L HURPY 75
= o CHEAEHEYT RNA JRERYEGE » SRR NS IRk
DI KUY DNA Ji# " o B it oe R 5 e
TYLCV Z Rep #& [ AJZE A HEERAE FH AV BE S 8t B2 [0
(single-chain variable fragment, scFv) K Bt Tid
B - BEE AT A A BT B PR R H A -
SR AN G nf 8 8 9 #1011 328 438 BRI il o2 12 3
FH > DUk GRolid Gl 22 Rt e a1 R Y s 28 2k 2548
(B i -

B4 O R % 1 7 VR A0 7 U A0 ey
Ry (— ~ &) » e nESFEE SEAFAUE
(B2 Birs e H— e PN - (86 IEH DBmere it &
VPR RIBLE - DR ] =R B A g g w2 ARG RE HL
BEQZVEPUE ROSRNS B /535 ) =2 & B SR - H
AT A RFF 92 5l SR AT R AL T X 3% 4 O 1003 1 5 I 1R
Y mlEE AR AER R UM - BIAN AR 2 LU A 26 4
e8| HHE S35 50 B BEIRYURUTE FH S REE I RAF BT

UL AR 2 LR S 191

TRIEBER o HAMEH TGS BEHilPR ZE AP /R B AR
FEHVBUR H R LES AR AR DIGE » [RES TGS #]
FEH siRNA 7755 DNA HYFIELAL - 1 4 4295 75 @ S
DNA Ji7 B A3 E LA THE 2 > wTREIR L GE
AR HNE R R RE B o R > 5 HE S = LR B
5471 B A] FILFHE %8 K & siRNA Y241 [kt [0 $
B2 E EAR EL R AT B8 > QUEIIRFER A IR ~ Rep ~

TrAP 552 {8 [ a2 /5 LR 87 e 51 B RH Y B > BRGEF
ATHE AN [RIHY B B PR HEAE ) 5 SBAE E ~ A H B
JEVZ PR B o 5 — B AR R A R UM IR SR
&2 FIFH A &R miRNA (artificial miRNA) SE{7§#
G > [RIHC R J2 DL BEIRT YURCRS BE0E 7 B AR i mite 1T
B P — MR AZ A AR E A o AL E 8 R fE X
WTEAGEAWENEAEY » HAEYZ 2K
15 o A% A TR P VIR SR » A 4L ANy sl nldid 5
R 9% R A TE R » DRI {50 FH 28 83 B4 56 B2 R 2R
M > {BZE % & A9 B sk S A0 R FE e A
FE G o B 7RI A SR BE IR B R
FEAR HUPE R 19 IR a] IR i 7 W) B 2K 188 =
HOIE PE o SR > 9 FERE S0 ET EhE b 15 B E R
FH o RE R A E T~ BRI DU SR B HHAEH
ot B IR RE Fe o0 T A2 By 2 B B3R

ST SR bPF 58 HUVE B (REY) AL 1o » 0T TEAE ~ 13
T~ AR PURE » 1A R4 R A B BRIz
YIRS ELRIAEDY)

H AT 8k B 20 TThy g O — i B - HEHEAR
ST R A U e TR0 5E A2 LU IR RHRL B
DR R R M o AN Bl == i AR BT 15 | e 15 9 il 81
KEBIBR B & B 465N 7 (Tomato leaf curl
Taiwan virus, TOLCTWYV) TR 32 » FEE 55K 221 [6]
5 IR B oy M b ki L R PR R Ry 722 52 0
TR SsEE B PR SR HUMER BE IR Fr BR 8 105 8
Ve EENR AL RMEY) (Lin et al., unpublished data) »
LIIRE B R RS TEIRI RS o BR TR siRNA HUR
EHERHUE 2% » FIFHA TR miRNA R EE AR )5
AU Z AT AT E RT/VE 28 T TR i (R BILK
EIE R EM EERE) o kIR H R RE TR R %
SR i B A IE A8 B 2 WA B 40 LA geminivirus-
specific peptide aptamers HY7jiEEA L B 5 o K
A AT MRS S 2 FEIR NG T A 98 - BETRESERE —
EBHSBEEINEBEZ PR TE -

AE B B YU R phHE B A L IR A
AR EET AT BIBE B AR LR 2 B KB SR R
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ABSTRACT

Lin, C.-Y.', Tsai, W.-S.?, Ku, H.-M.**, and Jan, F.-J."*. 2009. Transgenic strategies for developing
transgenic plants with geminivirus resistance. Plant Pathol. Bull. 18: 185-200. (' Department of Plant
Pathology, National Chung Hsing University, Taichung, Taiwan; > Asian Vegetable Research and
Development Center-the World Vegetable Center, Tainan, Taiwan; > Department of Plant Pathology,
National Chung Hsing University, Taichung, Taiwan; * Corresponding author, E-mail:
fjjan@nchu.edu.tw or hmku@nchu.edu.tw, Fax: +886-4-2285-4145)

Geminiviruses are a serious threat to agriculture practice worldwide. The diseases cause high
yield losses, especially in the economical crops, generating serious reduction of farmers' income and
food supply in general. In order to solve these economic and social impacts, various strategies have
been developed for virus control. Due to their single-stranded DNA genomes and high diversity
caused by frequently recombination intra- and inter-virus species, many traditional approaches have
limited efficiency for virus control. Therefore, transgenic approach based on genetic engineering
technology provides other efficient strategies. This article reviewed the recent studies related to
transgenic resistance of geminivirus by different strategies, such as expression of viral or non-viral
proteins, gene silencing and DNA interference. The implementation of these strategies will help us to
comprehend the resistant model and also contributed to develop the transgenic plants with broad-

spectrum and durable resistance.

Key words: geminivirus, transgenic plant, viral resistance



